The hexahydrobenzofurobenzazepine tetracycle characteristic of the principal galanthamine-type Amaryllidaceae alkaloids was synthesized from a methoxy substituted 2-tetralone via simple and convenient reaction steps.
Introduction
(-)-Galanthamine (1a) and (-)-lycoramine (2a), alkaloids isolated from the bulbs of various species of the Amaryllidaceae family, contain a saturated benzofurobenzazepine tetracyclic skeleton consisting of four rings A-D.
Galanthamine has an important role in the treatment of Alzheimer's disease as an acetylcholinesterase inhibitor 1 as well as a modulator of neuronal nicotinic receptors.
Lycoramine has similar, but less potent activity. A number of total syntheses for galanthamine 2, 3 and lycoramine [3] [4] [5] [6] [7] have been developed. These methods employ various approaches to building up the C-8a quaternary spiro carbon atom and the A-D rings. However, only few data can be found in the literature 8 on the chemistry and pharmacology of their demethoxy derivatives 1b and 2b. Recently 9 we established an efficient synthesis of benzazepines spiro-substituted with a cyclohexenone ring starting from an unsubstituted 2-tetralone. In the present paper we report an extension of that method for methoxy-substituted 2-tetralones according to the retrosynthetic route shown in Scheme 1. 
Scheme 1
The object of this work is the synthesis of the hexahydrobenzofurobenzazepine tetracycle characterising the galanthamine-type alkaloids. Our synthetic method started from 8-methoxy-2-tetralone and used simple reaction steps and inexpensive reagents. The C-8a spiro carbon atom was produced via a Dieckmann condensation. 
Scheme 2
Cyanoethylation of tetralone 7a at C-1 was carried out by reaction with acrylonitrile in THF and t-BuOH solution in 96% yield using potassium tert-butoxide as catalyst. The 1,3-tetra(cyanoethyl) derivative of 11 was also isolated in small amounts as a by-product. Ketone 10 was reduced (96%) and the corresponding alcohol 12 was quantitatively dehydrated by phosphorus oxychloride in refluxing pyridine. Oxidation of olefin 13 was achieved with chromium(VI) oxide and resulted in ketone 14 in 65% yield. Ketone 14 was catalytically hydrogenated in quantitative yield and compound 15 was converted to oxime 16 by a conventional method (91%). The Beckmann rearrangement of oxime 16 was accomplished in dioxane solution at 70 o C with thionyl chloride, giving the corresponding benzo[c]azepinone 17 in 52% yield. A Pinner reaction was used to convert the nitrile groups into ester substituents; 17 was treated with dry hydrogen chloride gas in refluxing methanol solution and product 18 was isolated in 96% yield. The Dieckmann condensation of diester 18 was carried out in benzene in the presence of potassium tert-butoxide forming the desired spiro structure 19 (Scheme 3). 
Scheme 3
Demethoxycarbonylation of 19 furnished spiro ketone 20 (62%), followed by formation of the carbon-carbon double bond in the cyclohexanone ring by the method of Nicolaou et al. 13 using IBX (o-iodoxy benzoic acid) 12 as oxidizing agent, giving the unsaturated key intermediate
Various reagent systems (boron tribromide, aluminium trichloride/diethyl sulfide, or thiocarbamide, boron trifluoride etherate) were investigated for the O-demethylation of imide 21 to initiate the intramolecular addition reaction forming the narwedine-like tetracyclic skeleton. The aluminium trichloride catalyzed reaction with diethyl sulfide in dichloromethane solution resulted in an unexpected product (Scheme 4) as a mixture of two diastereomers (22; 14%, D1:D2≈3:2); in reactions with the other reagents only decomposition products could be obtained. Formation of this type of ethylthio derivative in the demethylation reaction conditions, or similar examples, is unknown in the literature. However, using the methanesulfonic acid/D/Lmethionine demethylating system, the tetracyclic ketone 23 was obtained almost quantitatively. Although the crude product isolated from the reaction mixture (93%) possessed satisfactory
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quality for further reactions, the pure compound was obtained after chromatography in 23.5% yield. 
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Conclusions
The successful preparation of the benzofurobenzazepine tetracycle 23 confirmed our synthetic strategy to build useful intermediates for preparing compounds like demethoxynarwedine or demethoxylycoraminone.
Experimental Section
General Procedures. Melting points are uncorrected. IR spectra were recorded on Zeiss IR 75 and 80 instruments. NMR spectra were recorded on a Varian INOVA 300, Varian INOVA 500 or a Varian VNMRS-500 spectrometer. Chemical shifts are given on the delta scale as parts per million (ppm) with tetramethylsilane (TMS) as the internal standard (0.00 ppm). Mass spectrometric measurements were performed on a VG-Trio-2 and a Finnigan MAT 95SQ mass spectrometer using EI (70 eV, 220 °C source temperature) and FIB (Cs + , 3-nitrobenzyl alcohol matrix, 20 kV) ionization methods. High-resolution MS measurements were carried out on a Thermo LTQ FT Ultra mass spectrometer (ESI, 3.5-4.0 kV spray voltage, 275-300 °C capillary temperature, solvent: MeOH:H 2 O 1:1 + 1 V/V% cc. AcOH). The protonated molecular ion peaks were fragmented by CID at a normalized collision energy of 35%. The relative abundance values of the fragment ions in the MS-MS spectrum are given in brackets. TLC was carried out using Kieselgel 60F 254 (Merck) glass plates. 1,7-Dihydroxynaphthalene (8) was purchased from Aldrich. 1,7-Dimethoxynaphthalene 10,11 (9) 3′-(2-Hydroxy-8-methoxy-3,4-dihydronaphthalene-1,1(2H)-diyl)di(propanenitrile) (12) . Ketone 10 (3.22 g, 11.4 mmol) was dissolved in a mixture of MeOH (222 mL) and water (3 mL) and sodium borohydride (1.2 g, 34.4 mmol) was added in small portions over 1.5 h at 0 o C with stirring. After stirring at 0 o C for 20 min the reaction mixture was acidified (pH 5) with acetic acid. The solvent was evaporated under reduced pressure, 10% aqueous sodium carbonate (50 mL) and water (50 mL) was added to the residue and the mixture was extracted with dichloromethane (3 × 100 mL). Methoxynaphthalene-1,1(4H)-diyl)di(propanenitrile) (13) . To a solution of hydroxy derivative 12 (2.0 g, 7.05 mmol) in dry pyridine (14 mL), phosphorus oxychloride (0.96 mL, 1.56 g, 10.17 mmol) was added with stirring. After refluxing for 3 h at 160 o C the reaction mixture was evaporated to dryness under reduced pressure, the residue was poured into ice and acidified with a mixture of water and conc. hydrochloric acid 1:1 to pH 1. The acidic mixture was then washed with dichloromethane (3 × 20 mL), the combined organic layers after drying (MgSO 4 ) were evaporated to dryness leaving oily product (13) 
3,3′-(8-
3,3′-(8-Methoxy-4-oxonaphthalene-1,1(4H)-diyl)di(propanenitrile) (14)
. Unsaturated derivative 13 (2.6 g, 9.7 mmol) was dissolved in acetic acid (100 mL) and CrO 3 (3.6 g, 35.8 mmol) was added dropwise in acetic acid (50 mL)-water (5 mL) solution at 14-16 o C over 1 h under stirring. The reaction mixture was stirred at room temperature for 1 h and isopropanol (100 mL) was added dropwise under external ice-water cooling. After stirring for 1 h at room temperature the reaction mixture was evaporated to dryness in vacuum. The residue was suspended in water (160 mL) and extracted with dichloromethane (3 × 160 mL). The combined organic layers were washed with 10% aqueous sodium hydrogencarbonate (5 × 100 mL) and with brine (100 mL). After drying (MgSO 4 ), the solvent was evaporated to dryness under reduced pressure and the residue was purified by column chromatography on silica gel (dichloromethane- 3,3′-(4-Hydroxyimino-8-methoxy-3,4-dihydronaphthalene-1,1(2H)-diyl)di(propanenitrile)  (16) . To a solution of ketone 15 (1.33 g, 4.7 mmol) in ethanol (34 mL) was added hydroxylamine hydrochloride (0.5 g, 7.1 mmol) dissolved in water (34 mL) and then sodium acetate (0.39 g, 4.74 mmol) was added. The reaction mixture was refluxed for 3 h and then it was poured into water (30 mL). The mixture was extracted with dichloromethane (3 × 20 mL), the combined organic layers were dried (MgSO 4 ) and concentrated under reduced pressure. The oily residue crystallized by treatment of a few drops of hexane to give product (16) -1-oxo-1,2,3,4-tetrahydro-2-benzazepin-5 ,5-diyl)di(propanenitrile) (17). Oxime 16 (7.3 g, 24.5 mmol) was dissolved in dioxane (134 mL) and thionyl chloride (9.2 mL, 15 g, 126 mmol) was added dropwise in dioxane solution (70 mL) at 70 o C with stirring. Then the reaction mixture was stirred at 70 o C for a further 2 h, poured into a mixture of saturated aqueous sodium carbonate (400 mL) and ice (pH must be maintained 9-10) and was extracted with dichloromethane (3 × 150 mL). The organic layers were combined, after drying (MgSO 4 ) the solvent was evaporated under reduced pressure and the residue was purified by column chromatography on silica gel (dichloromethane-methanol 40:1) to yield product (17) argon, and then it was evaporated to dryness under vacuum. The residue was partitioned between dichloromethane (80 mL) and brine (50 mL), the organic phase was washed with dichloromethane (3 × 70 mL) and the combined organic layers were dried (MgSO 4 ) and evaporated to dryness under reduced pressure. 
